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(57) ABSTRACT

The invention provides an ultrasonic diagnostic apparatus
that scans an object to be examined into which contrast
medium bubbles are injected with ultrasonic waves to acquire
an ultrasonic image of the object. The ultrasonic diagnostic
apparatus includes an image data generating unit that gener-
ates a plurality of image data indicating information on the
shape of an object to be examined on the basis of echo signals
returning from the object, a setting unit that sets an interesting
area which is smaller than the entire image area to first image
data, which is reference image data, among the plurality of
image data, a vector generating unit that compares at least one
second image data different from the first image data among
the plurality of image data with data in the interesting area to
generate a motion vector indicating the motion between the
first image data and the at least one second image data, an
image correcting unit that corrects the blur of the first image

(30) Foreign Application Priority Data data and the at least one second image data on the basis of the
motion vector, and an image generating unit that generates a
Jan. 10,2006 (JP) ooeooveererrere s 2006-002661 display image on the basis of the plurality of corrected image
May 19,2006  (IP) oo 2006-140283 data.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD OF GENERATING
ULTRASONIC IMAGE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of PCT Applica-
tion No. PCT/JP2007/050176, filed Jan. 10, 2007, which was
published under PCT Article 21(2) in Japanese.

[0002] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2006-002661, filed Jan. 10, 2006; and No. 2006-140283, filed
May 19, 2006, the entire contents of both of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1.Field of the Invention

[0004] The present invention relates to an ultrasonic diag-
nostic apparatus and a method of generating an ultrasonic
image capable of correcting the blur of an image due to the
movement of an object to be examined or the movement ofan
operator’s hand holding an ultrasonic probe.

[0005] 2. Description of the Related Art

[0006] Inrecentyears,a ‘contrast echo method’ ofinjecting
an ultrasonic contrast medium into a vein has been used for
ultrasonic diagnosis. The contrast echo method is a method of
injecting the ultrasonic contrast medium into the vein,
increasing a bloodstream signal, and evaluating the amount of
the bloodstream in the heart or the liver. In many cases,
minute bubbles of the contrast medium (contrast medium
bubbles) serve as a reflective source. From the viewpoint of
the property of bubbles, which is a delicate material, bubbles
are broken by the mechanical operation of ultrasonic waves
having a general diagnostic level, and as a result, the signal
intensity from the scanning surface is lowered. Therefore, in
order to observe the dynamic aspect of the reflux of the
bloodstream in real time, a method of reducing the breaking
of bubbles due to scanning, such as a method of forming an
image by transmitting low sound pressure ultrasonic waves, is
needed.

[0007] The following method has been developed consid-
ering the property of a material, such as the breaking of
bubbles. That is, a low sound pressure ultrasonic wave is
transmitted to observe the movement of bubbles filled in the
scanning surface, a high sound pressure ultrasonic wave is
transmitted to the scanning surface (strictly, in an object to be
radiated) to break the bubble, and a low sound pressure ultra-
sonic wave is radiated to the scanning surface to observe the
movement of bubbles flowing into the scanning surface. This
method is called a ‘replenishment method’ (for example, see
JP-A-11-155858).

[0008] The contrast medium bubbles are characterized in
that it can form an image of a minute bloodstream which
cannot be imaged by a color Doppler method. The imaging of
the minute bloodstream is abnormal since few bubbles exist
in the minute bloodstream. Therefore, a method of superpos-
ing the images of the contrast medium bubbles that appear to
be abnormal to form a clear image of the structure of a minute
blood vessel has been developed. This method is called a
‘micro flow imaging (MFI) method’ (for example, see JP-A-
2004-321688).

[0009] In the MFI method, it is necessary to superpose
ultrasonic images corresponding to a plurality of frames.
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Therefore, a person to be examined needs to hold his/her
breath for a predetermined amount of time, or an operator
needs to fix an ultrasonic probe for a predetermined amount of
time.

[0010] However, it is difficult for the person to be examined
to hold his/her breath for a predetermined amount of time, and
it is not easy for an operator unaccustomed to the MFI method
to fix the ultrasonic probe for a predetermined amount of
time. Therefore, it is considerably effective to correct the blur
of an ultrasonic image, in order to improve the quality of a
displayed image in the MFI method.

[0011] A technique for correcting the blur of a continuous
series of frames, such as moving pictures, has been used for
video cameras on the market. A method of calculating relative
motion vectors between frames of image data is used as a
representative example. In this method, image data corre-
sponding to one frame is divided into a plurality of areas, and
the motion vector between the frames in each area is calcu-
lated on the basis of the correlation between the image datain
the areas. When a plurality of motion vectors calculated for
each area are used to correct the display position of the image
data, it is possible to improve the visibility of a moving
picture since the display position of an object does not vary
even when a user’s hand holding the camera is jiggled more or
less.

[0012] A panoramic imaging technique, which is similar to
a technique for correcting the blur of an ultrasonic diagnostic
image, has been known. In this technique, ultrasonic images
corresponding to a plurality of frames are acquired while
moving an ultrasonic probe little by little, and overlapping
portions of the ultrasonic images are combined with one
another to form a wide still picture, such as a panoramic
photograph. In the panoramic imaging technique, since it is
necessary to combine overlapping portions of the ultrasonic
images corresponding to a plurality of frames, relative motion
vectors between frames are needed, similar to the ultrasonic
images.

BRIEF SUMMARY OF THE INVENTION

[0013] However, it is relatively easy to correct the blur of a
general tomographic image, that is, an ultrasonic image gen-
erated from an object to be examined not having a contrast
medium injected thereinto. This is because tissue or skeleton,
which serves as a mark when a motion vector is detected, is
reflected to the general tomographic image.

[0014] However, since bubbles are abnormally dyed, a blur
correcting technique used for a general ultrasonic image can-
not be applied to angiography, that is, an ultrasonic image of
an object to be examined having a contrast medium injected
thereinto. In particular, in the MFI method, a high sound
pressure ultrasonic wave is used to sweep away bubbles.
Therefore, in order to form an image of replenishment, few
marks for blur correction exist in the image generated imme-
diately after the bubbles are swept away. Further, in the image
generated immediately after the bubbles are swept away, the
shapes of the imaged bubbles vary every moment, which
makes is difficult to extract motion vectors.

[0015] Accordingly, it is an object of the present invention
to provide an ultrasonic diagnostic apparatus and a method of
generating an ultrasonic image capable of preventing a reduc-
tion in the quality of a diagnostic image even when an object
to be examined or an ultrasonic probe moves more or less.
[0016] According to a first aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus that scans
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an object to be examined into which contrast medium bubbles
are injected with ultrasonic waves to acquire an ultrasonic
image of the object. The ultrasonic diagnostic apparatus
includes: a transmitting/receiving unit that repeatedly trans-
mits the ultrasonic waves to the object and acquires echo
signals returning from the object; an image data generating
unit that generates a plurality of image data indicating infor-
mation on the shape of the object on the basis of the echo
signals; a setting unit that sets an interesting area which is
smaller than the entire image area to first image data, which is
reference image data, among the plurality of image data; a
vector generating unit that compares at least one second
image data different from the first image data among the
plurality of image data with data in the interesting area to
generate a motion vector indicating the motion between the
first image data and the at least one second image data; an
image correcting unit that corrects the blur of the first image
data and the at least one second image data on the basis of the
motion vector; and an image generating unit that generates a
display image on the basis of the plurality of corrected image
data.

[0017] According to another aspect of the present inven-
tion, there is provided a method of generating an ultrasonic
diagnostic image by scanning an object to be examined to
which contrast medium bubbles are injected with ultrasonic
waves. The method includes: repeatedly transmitting the
ultrasonic waves to the object and generating a plurality of
image data indicating information on the shape of the object
on the basis of echo signals returning from the object; setting
an interesting area which is smaller than the entire image area
to first image data, which is reference image data, among the
plurality of image data; comparing at least one second image
data different from the first image data among the plurality of
image data with data in the interesting area to generate a
motion vector indicating the motion between the first image
data and the at least one second image data; correcting the
blur of the first image data and the at least one second image
data on the basis of the motion vector; and generating a
display image on the basis of the plurality of corrected image
data.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0018] FIG. 1 is a block diagram illustrating an ultrasonic
diagnostic apparatus according to a first embodiment of the
invention;

[0019] FIG. 2 is a diagram schematically illustrating vari-
ous types of track balls according to the first embodiment of
the invention;

[0020] FIG. 3 is a diagram schematically illustrating vari-
ous buttons according to the first embodiment of the inven-
tion;

[0021] FIG. 4 is a flow chart illustrating a process per-
formed by the ultrasonic diagnostic apparatus according to
the first embodiment of the invention;

[0022] FIG.5isadiagram schematically illustrating a diag-
nostic image having an ROI mark superposed thereon accord-
ing to the first embodiment of the invention;

[0023] FIG. 6A is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
1o the first embodiment of the invention;

[0024] FIG. 6B is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
1o the first embodiment of the invention;
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[0025] FIG. 6C is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to the first embodiment of the invention;

[0026] FIG. 6D is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to the first embodiment of the invention;

[0027] FIG. 6F is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to the first embodiment of the invention;

[0028] FIG. 7isadiagram schematically illustrating a diag-
nostic image having an ROI mark superposed thereon accord-
ing to a modification of the first embodiment of the invention;
[0029] FIG. 8A is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to a third embodiment of the invention;

[0030] FIG. 8B is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to the third embodiment of the invention;

[0031] FIG. 8C is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to the third embodiment of the invention;

[0032] FIG. 8D is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to the third embodiment of the invention;

[0033] FIG. 8E is a diagram schematically illustrating five
frames of diagnostic images generated after flash according
to the third embodiment of the invention;

[0034] FIG.9is a flow chart illustrating the flow of an MF1
process including blur correction according to a fourth
embodiment of the invention; and

[0035] FIG. 10 is a diagram illustrating the blur correction
according to the fourth embodiment of the invention.

[0036] FIG. 11 is a diagram schematically illustrating a
diagnostic image having an ROI mark superposed thereon
according to a fifth embodiment of the invention;

[0037] FIG. 12 is a diagram illustrating a method of calcu-
lating a correlation amount according to the fifth embodiment
of the invention;

[0038] FIG. 13 is a diagram schematically illustrating a
diagnostic image having ROI marks superposed thereon
according to a sixth embodiment of the invention;

[0039] FIG. 14 is a diagram schematically illustrating an
example of the correction result of image data superposed on
a diagnostic image according to an eleventh embodiment of
the invention;

[0040] FIG. 15 is a diagram schematically illustrating an
example of the correction result of image data superposed on
a diagnostic image according to the eleventh embodiment of
the invention;

[0041] FIG. 16 is a diagram schematically illustrating an
example of the correction result of image data superposed on
a diagnostic image according to the eleventh embodiment of
the invention; and

[0042] FIG. 17 is a diagram schematically illustrating an
example of the correction result of image data superposed on
a diagnostic image according to the eleventh embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0043] Hereinafter, first to twelfth embodiment of the
invention will be described with reference to the accompany-
ing drawings.

First Embodiment
[0044] First, a first embodiment of the invention will be
described with reference to FIGS. 1 to 6.
[Structure of Ultrasonic Diagnostic Apparatus|

[0045] FIG. 1 is a block diagram illustrating an ultrasonic
diagnostic apparatus according to the first embodiment of the
invention.
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[0046] As shown in FIG. 1, the ultrasonic diagnostic appa-
ratus according to the first embodiment includes a main body
10, an ultrasonic probe 11, a monitor 12, and an input device
13.

[0047] The main body 10 includes a transmitting/receiving
unit 21, a B-mode processing unit 22, a Doppler processing
unit 23, an image generating circuit 24, a control processor
25, an internal storage device 26, an interface 29, and a
storage unit 30 having an image memory 30a and a software
storage unit 305.

[0048] Forexample, the transmitting/receiving unit 21 pro-
vided in the main body 10 is composed of hardware, such as
an integrated circuit, or it may be a software program that is
modularized in a software manner. Next, each component
will be described below.

[0049] The ultrasonic probe 11 transmits or receives ultra-
sonic waves to or from a part of an object P to be examined,
and is provided with a piezoelectric vibrator for transmitting/
receiving ultrasonic waves. The piezoelectric vibrator is
divided into a plurality of elements, and each of the elements
forms a part of a so-called channel. When the ultrasonic probe
11 includes a 2D array vibrator, it can obtain three-dimen-
sional data.

[0050] Theultrasonic waves (hereinafter, referred to “trans-
mission ultrasonic waves’) transmitted from the ultrasonic
probe 11 to the object P to be examined are sequentially
reflected from the surfaces where acoustic impedance is dis-
crete in the human body and are transmitted to the ultrasonic
probe 11 as echo signals.

[0051] The amplitude of the echo signals depends on the
difference in acoustic impedance between the discrete sur-
faces from which the ultrasonic waves are reflected. When the
transmission ultrasonic wave is reflected from the surface of
a movable object, such as bloodstream or a heart wall, a
frequency shift occurs in the echo signal due to a speed
component of the ultrasonic wave reflected from the movable
object in the transmission direction by the Doppler effect.
[0052] The monitor 12 displays as a diagnostic display
bloodstream information or morphological information in the
object P to be examined on the basis of video signals trans-
mitted from the image generating circuit 24. In addition, the
monitor 12 displays an ROI mark on the diagnostic image.
[0053] The input device 13 is connected to the main body
10 and includes a track ball input unit 131, a button input unit
132, and a switch input unit 133 for inputting instructions of
an operator to the main body 10.

[0054] FIG. 2 is a diagram schematically illustrating the
track ball input unit 131 according to the first embodiment.
[0055] As shown in FIG. 2, the track ball input unit 131
includes a track ball 131a used for designating the number of
ROIs and a track ball 1315 used for designating the size of
ROL

[0056] FIG. 3 is a diagram schematically illustrating the
button input unit 132 according to the first embodiment of the
invention.

[0057] As shown in FIG. 3, the button input unit 132
includes an audio adjust button 132a used to instruct the start
or end of the detection of movement, a start button 1325 used
to instruct to start or end the superposition of image data, and
a flash button 132¢ used to instruct to perform high-sound
pressure scanning, and a freeze button 1324 used to instruct to
stop the low-sound pressure scanning.

[0058] The instructions from the operator include an
instruction to designate the shape of ROL an instruction to
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designate the time when low-sound pressure scanning is per-
formed, an instruction to designate the time when blur cor-
rection is performed, and an instruction to display or not
display an ROI mark. The input device 13 further includes
track balls, buttons, and switches corresponding to the
instructions, in addition to the track balls 131a to 1315 and the
buttons 1324 to 132¢.

[0059] The transmitting/receiving unit 21 includes a pulse
circuit, a delay circuit, and a trigger generating circuit. The
pulse circuit repeatedly generates rate pulses for forming
transmission ultrasonic waves at a predetermined rate fre-
quency. The delay circuit gives a delay time required to con-
dense a transmission ultrasonic wave for each channel and to
determine transmission directivity to each of the rate pulses.
The direction in which the ultrasonic waves from the ultra-
sonic probe 11 are transmitted is controlled by adjusting the
delay time given by the delay circuit. The trigger generating
circuit supplies a driving pulse to the ultrasonic probe 11 ata
predetermined timing on the basis of the rate pulse whose
delay time has been adjusted.

[0060] The transmitting/receiving unit 21 has a function of
changing, for example, delay information, a transmission
frequency, and a transmission driving voltage in an instant
according to the instructions from the control processor 25. In
particular, in order to change the transmission driving volt-
age, the transmitting/receiving unit 21 is formed of a linear-
amplifier-type transmitting circuit capable of switching the
value of the transmission driving voltage in an instant or a
mechanism capable of electrically switching a plurality of
power supply units.

[0061] Further, the transmitting/receiving unit 21 includes
an amplifying circuit, an A/D converter, and an adder. The
amplifier circuit amplifies the echo signal for each channel
received by the ultrasonic probe 11. The A/D converter gives
adelay time required to determine the reception directivity of
ultrasonic waves to the echo signal amplified for every chan-
nel. The adder adds the delayed echo signals for each channel
to generate a reception signal. In this way, a reflection com-
ponent in a direction corresponding to the reception directiv-
ity of the echo signal is emphasized.

[0062] The B-mode processing unit 22 performs logarith-
mic amplification and an envelope curve detecting process on
the reception signal output from the transmitting/receiving
unit 21 to generate intensity data for representing the intensity
of the reception signal as brightness.

[0063] The Doppler processing unit 23 obtains information
on the speed of bloodstream, tissue, and bubbles of a contrast
medium on the basis of the reception signal output from the
transmitting/receiving unit 21 to generate blood stream data
for average speed, dispersion, power, and a combination
thereto.

[0064] The image generating circuit 24 converts the coor-
dinates of the intensity data and the bloodstream data respec-
tively output from the B-mode processing unit 22 and the
Doppler processing unit 23 into scanning line signal strings of
avideo format that is representatively used for a television. In
this way, a tomographic image related to the shape of the
tissue of the object P to be examined, an image in which
contrast medium bubbles flowing into a blood vessel are
emphasized, an average speed image related to the speed of
bloodstream, a dispersion image, a power image, and an
image of a combination thereof are generated. The image
generating circuit 24 includes a storage memory for storing
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image data. This structure makes it possible for an operator to
view the image formed during examination after diagnosis.

[0065] The control processor (CPU) 25 serves as an infor-
mation processing device and controls all components of the
ultrasonic diagnostic apparatus. The control processor 25
reads out a control program for generating images and dis-
playing the images from the internal storage device 26 and
expands the read control program in the software storage unit
306, thereby controlling various processes.

[0066] The control processor 25 creates a search area on the
image data and detects the brightness of pixels included in the
search area. In addition, the control processor 25 generates
motion vectors for realizing the motion between image data
on the basis of the brightness of a plurality of pixels included
in ROI of a plurality of image data.

[0067] The internal storage device 26 stores control pro-
grams for generating images and displaying the images, diag-
nostic information (ID, for example, doctor’s observations
and diagnosis), a diagnostic protocol, transmitting/receiving
conditions, and data groups. In particular, the internal storage
device 26 stores control programs for executing, for example,
a scanning sequence for transmitting/receiving ultrasonic
waves, setting of ROI, blur correction, a differential image
generating process, a brightness value holding process, and a
superposition display process. In addition, the internal stor-
age device 26 is used to store the image data in the image
memory 30a, if necessary. Further, data stored in the internal
storage device 26 may be transmitted to an external peripheral
apparatus through the interface 29.

[0068] The interface 29 is an interface for the input device
13, a network, and an additional external storage device. Data
for an obtained ultrasonic image or the analysis result thereof
may be transmitted to another apparatus through the interface
29 over the network.

[0069] The image memory 30a is a storage memory for
storing image data output from the image data generating
circuit 24. An operator can call the image data stored in the
storage memory after diagnosis, and the image data is dis-
played as a still picture or a moving picture composed of a
plurality of frames. The image memory 30a stores output
signals of the transmitting/receiving unit 21 (referred to as
radio frequency signals), brightness signals having passed
through the transmitting/receiving unit 21, and other raw
data, and image data acquired over the network, as occasion
demands.

[Usage of Ultrasonic Diagnostic Apparatus]

[0070] First, the operator operates the track ball 131a and
the track ball 1315 to designate the number of ROIs and the
size of RO, respectively. In this embodiment, the shape of
ROIis previously set to a rectangular shape, and is designated
by operating, for example, the track balls.

[0071] Next, low sound pressure scanning starts. The low
sound pressure scanning is performed to display the reflux of
bloodstream as an image, and is performed several times. The
low sound pressure scanning may start before the number of
ROIs and the size thereof are set.

[0072] Ultrasonic waves used for the low sound pressure
scanning are set to a sufficiently low sound pressure not to
break the contrast medium bubbles. Therefore, whenever the
low sound pressure scanning is performed, image data corre-
sponding to one frame of images of the contrast medium
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bubbles is generated. The generated image data is stored in
the image memory 30q and simultaneously displayed on the
monitor 12.

[0073] When the start button 1325 is turned on during the
low sound pressure scanning, image data generated in the
next stage are superposed to generate superposed image data.
A maximum brightness value holding operation is used to
superpose image data. The maximum brightness value hold-
ing operation is a method of using pixels having the highest
brightness among a plurality of pixels spatially correspond-
ing to each other to form an image on the basis of image data
corresponding to a plurality of frames. Therefore, when the
maximum brightness value holding operation is performed,
images of the contrast medium bubbles extracted from the
image data are connected to each other, and as a result, the
structure of a blood vessel of the object P to be examined is
extracted from the superposed image data. The superposed
image data is displayed on the monitor 12 as a diagnostic
image. That is, when the start button 1325 is turned on during
the low sound pressure scanning, MFT starts.

[0074] When the start button 1325 is turned off during the
superposition of image data, the superposition of image data
performed up to now stops, and the image data generated
whenever the low sound pressure scanning is performed is
displayed on the monitor 12.

[0075] When the flash button 132¢ is turned on during the
low sound pressure scanning, high sound pressure scanning
corresponding to one frame is performed. The high sound
pressure scanning is called ‘flash’.

[0076] The ultrasonic waves used for the high sound pres-
sure scanning are set to a sufficiently high sound pressure
level to break a contrast medium bubble. Therefore, when the
high sound pressure scanning is performed, all contrast
medium bubbles existing on the scanning surface are broken,
which causes the image of the contrast medium bubbles to
disappear from the diagnostic image displayed on the monitor
12. As aresult, a dark image is displayed on the monitor 12.
However, the dark image does not last for a long time. When
a certain amount of time has elapsed, the image of a thick
blood vessel formed by the contrast medium bubbles appears
gradually.

[0077] When the freeze button 1324 is turned on during the
low sound pressure scanning, the low sound pressure scan-
ning stops. In this case, when the superposition of image data
is performed or when the movement detecting mode is
executed, these operations also stop.

[0078] When the audio adjust button 132a is turned on
during the low sound pressure scanning, the movement
detecting mode starts. The movement detecting mode is a
standby mode in movement detection, but no process is actu-
ally performed in the movement detecting mode.

[0079] Next, the movement detecting mode will be
described below.

[0080] FIG. 4 is a flow chart illustrating a sequence of
setting ROT according to this embodiment.

[0081] As shown in FIG. 4, when the start button 1325 1s
turned on in the movement detecting mode (step S1), a
sequence of setting ROI starts (step S2), and image data
immediately after that time is designated to standard image
data.

[0082] When the standard image data is designated, various
types of image processing are performed on the standard
image data to generate reference image data actually used as
a search target of ROI (step S3). For example, an average
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value process or a threshold value process is performed on the
standard image data as image processing.

[0083] When the average value process is used, image data
for several frames that are generated immediately before the
standard image data is used to generate the reference image
data on the basis of the average brightness of a plurality of
pixels spatially corresponding to each other in the image data.
[0084] When the threshold value process is used, the aver-
age brightness of all frames of the standard image data or
brightness higher than the average brightness is set to a
threshold value, and the reference image data is generated on
the basis of the brightness of pixels of the standard image data
binarized by the threshold value.

[0085] Therefore, little noise exists in the reference image
data generated by the average value process or the threshold
value process, but only the image of the contrast medium
bubble or only the tissue of a living body is reflected to the
reference image data.

[0086] When the reference image data is generated, a
search area having the same size and shape as ROI is gener-
ated on the reference image data. The search area moves
across all entire reference image data. Whenever the search
image area moves by one pixel, the brightness of the pixel
included therein is detected (step S4).

[0087] Whenever image areas (hereinafier, referred to as
‘image areas satisfying conditions of ROI’) in which the
number of pixels having brightness higher than a threshold
value K is larger than a threshold value M are detected, one of
the image areas having the largest number of pixels having
brightness higher than the threshold value K is searched (Yes
in step S5), and ROI is set to the image area (step S6). In this
way, the sequence of setting ROI is completed (step S7).
[0088] AsshowninFIG.5, the set ROI is superposed on the
diagnostic image displayed on the monitor 12 as a rectangu-
lar-frame-shaped ROI mark. When a plurality of ROIs are
used, the sequence of setting ROI is repeatedly performed by
anumber of times corresponding to the number of ROIs used.
Immediately after a contrast medium is injected into an object
to be examined or flash transmission is performed, a high-
brightness area (that is, an area having the contrast medium
injected thereinto) is not displayed on a screen. Therefore, in
general, the high-brightness area appears gradually on the
screen. When one high-brightness area appears on the image,
one RO1 is set according to the sequence of setting ROI, and
when two high-brightness areas appear on the image, two
ROIs are set. In this way, the number of ROIs set increases
with an increase in the number of high-brightness areas on the
image. For example, when three ROIs are used, three high-
brightness areas satisfying conditions of ROI appear on the
image. In this embodiment, the sequence of setting ROI is
repeatedly performed until three ROIs corresponding to the
three high-brightness areas are set.

[0089] If no image area satisfying the conditions of ROI
appears on the image even when the search area moves across
all the reference image data (No in step S5), the sequence of
setting ROI ends (step S7).

[0090] When the image area satisfying the conditions of
ROIT does not appear and thus the sequence of setting ROI
ends, image data subsequently generated is designated to the
standard image data, and a sequence of searching ROI is
performed again. In this way, the sequence of setting RO1 is
repeated until ROI is set.

[0091] Then, an area (a corresponding area) corresponding
10 ROI is set on each image data subsequent to the standard

Oct. 23, 2008

image data on the basis of the ROI on the standard image data
(reference image data). The setting of the corresponding area
makes it possible to sweep an area having the same shape and
size as ROI on the next image data and to set an area having a
brightness distribution pattern closest to that of ROI as the
corresponding area.

[0092] WhenROl s set to each image data according to the
above-mentioned procedure, motion vectors representing the
movement of the standard image data and the image data
subsequent to the standard image data are generated from the
correlation between the brightness of pixels included in ROI
of the standard image data and the brightness of pixels
included in the corresponding area of each image data subse-
quent to the standard image data. However, a method of
generating the motion vectors is not limited thereto. For
example, SAD (sum of absolute difference), which is a block
matching method generally used to recognize movement,
may be used as the method of generating the motion vectors.
[0093] When the motion vectors are generated, the display
position of the image data subsequent to the standard image
data is corrected on the basis of the motion vectors. In this
way, corrected image data having little motion blur with
respect to the standard image data is generated.

[0094] Whenever the corrected image data is generated, the
corrected image data is superposed on the standard image
data by the maximum brightness value holding operation. In
the period in which the corrected image data is superposed,
images of contrast medivm bubbles flowing into the scanning
surface are connected to each other, and the structure of blood
vessels of the object P to be examined is extracted to the
diagnostic image displayed on the monitor 12. In addition, the
blur of the corrected image data superposed on the standard
image data is corrected by a pre-process, which causes a very
clear diagnostic image to be displayed on the monitor 12 even
when corrected image data corresponding to a plurality of
frames is superposed. Therefore, itis possible to obtaina very
clear diagnostic image without being affected by the move-
ment of the object P to be examined or the jiggling of a hand
holding the ultrasonic probe 11.

[0095] When there is no area satisfying the conditions of
ROI in image data for first and second frames, image data for
a third frame is designated as the standard image data. The
image data for the first and second frames are superposed on
theimage data for the third frame, which is the standard image
data, similar to corrected image data generated on the basis of
image data for frames next a fourth frame.

[0096] The blur of the image data for the first and second
frames is not corrected, but the image data for the first and
second frames are so dark that an area satisfving the condi-
tions of ROI does not appear. Therefore, even when these
image data are superposed on the standard image data. the
quality of a diagnostic image is not affected at all.

[0097] Next, blur correction immediately after flash will be
described below.

[0098] When the start button 1325 is turned on immediately
after flash, almost dark image data is designated as the stan-
dard image data. However, in this embodiment, ROI is set to
an area having relatively high brightness in the dark image
data immediately after flash on the basis of the brightness of
pixels included in the reference image data. Therefore, it is
easy to obtain the correlation between the brightness of pixels
in ROI of the reference image data and the brightness of pixels
in ROI of image data subsequent to the standard image data,
and the blur of the image data subsequent to the standard
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image data is accurately corrected. Thus, a very clear diag-
nostic image is displayed on the monitor 12.

[0099] Next, ROI and a diagnostic image after flash will be
described below.

[0100] FIGS. 6A to 6E are diagrams schematically illus-
trating diagnostic images corresponding to five frames that
are generated after flash according to this embodiment. In
FIGS. 6A to 6E, a white portion indicates a bright area, and a
hatched portion indicates a dark area.

[0101] FIG. 6Ais a diagram illustrating a diagnostic image
at the time of flash, FI1G. 6B is a diagram illustrating a diag-
nostic image corresponding to a first frame after flash, FIG.
6C is a diagram illustrating a diagnostic image corresponding
to a second frame after flash, FIG. 6D is a diagram illustrating
a diagnostic image corresponding to a third frame after flash,
and FIG. 6F is a diagram illustrating a diagnostic image
corresponding to a fourth frame after flash.

[0102] That is, the diagnostic image corresponding to the
first frame is image data corresponding to the first frame that
1s generated at the beginning after flash. The diagnostic image
corresponding to the second frame is the superposition of
image data corresponding to the first and second frames. The
diagnostic image corresponding to the third frame is the
superposition of image data corresponding to the first to third
frames. The diagnostic image corresponding to the fourth
frame is the superposition of image data corresponding to the
first to fourth frames. The diagnostic image corresponding to
the fifth frame is the superposition of image data correspond-
ing to the first to fifth frames.

[0103] As shown in FIG. 6A, when flash is performed, a
dark diagnostic image is displayed on the monitor 12 once.
When a predetermined time elapsed after the flash is per-
formed, contrast medium bubbles flow from a thick blood
vessels existing on the scanning surface, and the structure of
the blood vessel of the object P to be examined is gradually
extracted to the diagnostic image. In this case, when the
sequence of setting ROl starts, ROI is set to an area satisfying
conditions, as shown in FIG. 6B. When a predetermined time
elapsed after ROI is set, the structure of the blood vessel
becomes clearer, as shown in FIGS. 6C to 6E. In this case, the
position of ROI set at the beginning does not vary.

[0104] Inthisembodiment, in the search of ROI, the bright-
ness of pixels included in the search area is binarized by the
threshold value K. However, the invention is not limited
thereto. For example, a histogram for the brightness of pixels
included in the search area may be made, and the search of
ROI may be performed on the basis of the brightness of the
top predetermined percent (for example 20%) of pixels
included in the search area. In this case, noise components
have little effect on the search of ROI, which makes it unnec-
essary to perform image processing, such as the average value
process or the threshold value process.

[0105] Alternatively, two threshold values may be pro-
vided, and the search of ROI may be performed on the basis
ofa pixel having a brightness value between the two threshold
values. In general, when contrast medium bubbles flow into a
thick blood vessel, the brightness of the blood vessel exces-
sively increases. However, in some cases, the thick blood
vessel may not sufficiently serve as a characteristic area for
correcting blur due to the thickness of the blood vessel, even
when ROI is set to the area including the thick blood vessel.
Therefore, the pixel having excessively high brightness is
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excluded from the object of ROI search, which makes it
possible to extract a characteristic area suitable for correcting
blur as ROL

(Effects of First Embodiment)

[0106] In this embodiment, the image data immediately
after the start button 1324 is turned on is designated to the
standard image data. Then, ROI is set to an area including a
thick blood vessel in which the images of contrast medium
bubbles are clustered close together on the basis of the bright-
ness of reference image data generated from the standard
image data.

[0107] Therefore, it is easy to obtain the correlation
between the brightness of pixels in ROI of the reference
image data and the brightness of pixels in a corresponding
area of each image data subsequent to the standard image
data, and the blur of the image data subsequent to the standard
image data is accurately corrected. As a result, a very clear
diagnostic image is generated by superposition.

[0108] In this embodiment, the image data immediately
after the flash button 132¢ is pushed is designated to the
standard image data. Then, ROI is set to an area including a
thick blood vessel in which the images of contrast medium
bubbles are rapidly restored on the basis of the brightness of
reference image data generated from the standard image data.
[0109] Inthis way, even when few areas, serving as marks
for correcting blur, exist in the reference image data, such as
immediately after flash, ROI is automatically set to an area
including a thick blood vessel in which contrast medium
bubbles dye at relatively high speed.

[0110] Therefore, it is easy to obtain the correlation
between the brightness of pixels in ROI of the reference
image data and the brightness of pixels in a corresponding
area of each image data subsequent to the standard image
data, and the blur of the image data subsequent to the standard
image data is accurately corrected. As a result, a very clear
diagnostic image is generated by superposition.

[0111] In this embodiment, noise components are previ-
ously removed from the reference image data by image pro-
cessing. Therefore, noise has no effect on the setting of RO,
which makes it possible to accurately set ROI in an area
including a thick blood vessel.

[0112] Inthis embodiment, the number of pixels included
in RO is smaller than the number of pixels in all image data.
Therefore, it is possible to reduce the amount of calculation
required to calculate the correlation between the brightness of
pixels in ROI of the reference image data generated from the
standard image data and the brightness of pixels in a corre-
sponding area of each image data subsequent to the standard
image data.

[0113] In this embodiment, when the flash button 132¢ 1s
turned on, blur correction starts instantaneously. Then, the
images of contrast medium bubbles flowing into the scanning
surface immediately after flash are superposed without omis-
sion. As a result, the structure of blood vessels of the object P
to be examined is accurately extracted to a diagnostic image.
[0114] Inthis embodiment, an ROI mark is superposed on
a diagnostic image displaved on the monitor 12. Therefore,
the operator can check whether ROI is accurately set while
viewing the diagnostic image displayed on the monitor 12.
[0115] Inthis embodiment, the input device 13 includes a
button or a switch for switching the display and non-display
of the ROI mark. Therefore, when diagnosis is interrupted by
the ROI mark, the operator can simply remove the ROI mark.



US 2008/0262354 Al

[0116] In this embodiment, the input device 13 includes a
button for designating the time when blur correction starts,
that is, the start button 1325, and the flash button 132¢. There-
fore, the operator can start blur correction at a desired timing,
which makes it possible to obtain a diagnostic image very
suitable for the symptoms or conditions of the object P to be
examined.

[0117] Inthis embodiment, the input device 13 includes the
track ball for designating the time when blur correction is
performed. Therefore, the operator can repeatedly check a
variation in the reflux of the bloodstream until a predeter-
mined time elapses after the start of the blur correction.
[0118] Further, in this embodiment, MFI has been
described above, but the invention is not limited thereto. That
is, the invention can be applied to ‘Panoramic imaging’
described in ‘Background Art as long as a plurality of image
data can be superposed.

[0119] In this embodiment, the number of ROIs and the
sizes thereof are input by the input device 13, but the inven-
tion is not limited thereto. For example, the number of ROIs
and the sizes thereof may be automatically set on the basis of
the brightness of pixels included in the reference image data.

(First Modification of First Embodiment)

[0120] MEFI may be executed on the basis of a plurality of
image data that have been acquired by the low sound pressure
scanning and stored in the image memory 30q. In this case,
the blur of image data is also corrected prior to the standard
image data, and the corrected image data is also superposed
on the standard image data. That is, the corrected image data
generated on the basis of the image data prior to the standard
image data may be superposed on the standard image data.
When the blur of image data prior to the standard image data
is corrected, the influence of the deflection between frames is
reduced, which makes it possible to improve the quality of a
diagnostic image.

(Second Modification of First Embodiment)

[0121] A common ROI that can be used to correct the blur
of a plurality of image data acquired by the low sound pres-
sure scanning is set on the basis of the brightness of the
plurality of image data. This is effective in executing MFI on
the basis of a plurality of image data that have been acquired
by the low sound pressure scanning and stored in the image
memory 30a.

(Third Modification of First Embodiment)

[0122] Next, a third modification of this embodiment will
be simply described with reference to FIG. 7.

[0123] FIG. 7isadiagram schematically illustrating a diag-
nostic image having three ROI marks superposed thereon
according to the third modification.

[0124] As shown in FIG. 7, the three ROI marks make it
possible to correct the rotational deviation among frames of
image data. Even when the three ROI marks are combined,
the number of pixels included in the ROI marks is consider-
ably smaller than the number of pixels of all image data,
which makes it possible to considerably reduce the amount of
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calculation, as compared to a conventional technique for gen-
erating motion vectors using pixels of all image data.

(Fourth Modification of First Embodiment)

[0125] This embodiment may be effective in performing
the maximum brightness value holding operation using three-
dimensional image data (that is, between time-series volume
data, the values of voxels whose spatial positions correspond
to one another are traced over time, and a voxel having the
largest value is used to form an image). In this case, a search
area, an image area satisfying ROI conditions, and a set ROI
are all three-dimensional areas, and the values of voxels
included in each area are used to execute the above-men-
tioned algorithm, thereby correcting the blur among volume
data.

(Fifth Modification of First Embodiment)

[0126] The diagnostic image generated by MFI using the
blur correction according to this embodiment and the diag-
nostic image generated by MFI not using the blur correction
according to this embodiment may be displayed at the same
time (for example, the diagnostic images may be superposed
side by side or the diagnostic images having different colors
may be superposed). Alternatively, the diagnostic image
using the blur correction and the diagnostic image not using
the blur correction may be selectively displayed. In this way,
it is possible to provide wide diagnostic information and
realize a diagnostic image having a higher degree of freedom
than that of the related art.

(Sixth Modification of First Embodiment)

[0127] Inthe blur correction according to this embodiment,
when ROl is setin a bloodstream area of a thick blood vessel,
the set ROI becomes a high-brightness area. Therefore, in this
case, it is difficult to specify a corresponding area on each
image data subsequent to the standard image data and to
calculate the motion vectors.

[0128] Inorder to solve these problems, in the blur correc-
tion, ROT including a high-brightness area in which contrast
medium bubbles are dyed (for example, an area having
brightness equal to or higher than a first threshold value) and
a low-brightness area not related to the contrast medium
bubbles (for example, an area having brightness equal to or
smaller than a second threshold value) may be used on the
standard image data (reference image data). This structure
prevents a brightness distribution pattern of ROI from having
high brightness. Therefore, it is possible to appropriately
specify an area corresponding to ROI on the frame subse-
quent to the standard image data and thus to perform appro-
priate blur correction.

Second Embodiment

[0129] Next, a second embodiment of the invention will be
described below with reference to the drawings.

[0130] Inthe second embodiment, even if ROI is set once,
the setting of ROI is performed whenever image data is gen-
erated. That is, when new image data is generated even if ROI
has been set already, image data immediately before that time
is designated to the standard image data. Then, reference
image data is generated from the newly designated standard
image data, and ROl is set on the basis of the reference image
data.
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[0131] However, a sequence of setting ROI is performed
only when ROl is set first. When ROl is set two or more times,
ROl s reset on the basis of ROI used to correct the blur of the
image data immediately before the latest stage and a resultant
vector of all motion vectors having already been generated.
The motion vector means a vector representing the motion of
a continuous series of image data.

[0132] That is, ROI used to correct the blur of image data
corresponding to an n-th frame is set on the basis of ROl used
to correct the blur of image data corresponding to an (n-1)-th
frame and a resultant vector of all motion vectors generated
until the blur of the image data corresponding to an (n-1)-th
frame is corrected.

Third Embodiment

[0133] Next, a third embodiment of the invention will be
described with reference to FIG. 8.

[0134] In the third embodiment, whenever image data is
generated, a sequence of setting ROl is executed to set ROl on
the basis of the brightness of each image data. However, in the
second embodiment, the sequence of setting ROI is set only
when ROI is set first. Therefore, once ROI is set, the next ROI
is set on the basis of the set ROI and a motion vector. The third
embodiment is different from the second embodiment on the
above-mentioned point.

[0135] FIGS. 8A to 8E are diagram schematically illustrat-
ing diagnostic images corresponding to five frames generated
after flash according to the third embodiment of the invention.
InFIGS. 8A to 8E, a white portion indicates a bright area, and
a hatched portion indicates a dark area.

[0136] FIG.8A is a diagram illustrating a diagnostic image
at the time of flash, FI1G. 8B is a diagram illustrating a diag-
nostic image corresponding to a first frame after flash, FIG.
8C is adiagram illustrating a diagnostic image corresponding
to a second frame after flash, FIG. 8D is a diagram illustrating
a diagnostic image corresponding to a third frame after flash,
and FIG. 8E is a diagram illustrating a diagnostic image
corresponding to a fourth frame after flash.

[0137] That is, the diagnostic image corresponding to the
first frame is image data corresponding to the first frame that
is generated at the beginning after flash. The diagnostic image
corresponding to the second frame is the superposition of
image data corresponding to the first and second frames. The
diagnostic image corresponding to the third frame is the
superposition of image data corresponding to the first to third
frames. The diagnostic image corresponding to the fourth
frame is the superposition of image data corresponding to the
first to fourth frames. The diagnostic image corresponding to
the fifth frame is the superposition of image data correspond-
ing to the first to fifth frames.

[0138] As shown in FIGS. 8B to 8D, in the diagnostic
images corresponding to the second to fourth frames, ROIs
are set at the same position. This is because the sequence of
setting ROI is performed on the third and fourth frames of the
image data and ROI better than the existing ROI is not
detected. However, as shown in FIG. 8F, in the diagnostic
image according to the fifth frame, a new ROI is set. The new
ROl is represented by a solid line, and a removed ROI mark is
represented by a dotted line. The position of ROI moves
because, when ROI is searched on the basis of the image data
corresponding to the fifth frame, ROI better than the existing
ROl is detected.

[0139] When the sequence of setting ROI is performed
whenever image data is generated, it is possible to stably
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obtain a high-quality diagnostic image while accurately cor-
recting the movement of the image data.

[0140] Further, the ultrasonic probe 11 moves in the direc-
tion in which a lens is disposed. Therefore, even when a blood
vessel, which is a mark for blur correction until that time,
(actually, the image of contrast medium bubbles) is removed
from the scanning surface, it is possible to accurately correct
the movement of the ultrasonic probe 11 in the lens direction
since a new optimum ROI is set at a movement destination.

Fourth Embodiment

[0141] Next, a fourth embodiment of the invention will be
described below with reference to FIGS. 9 and 10.

[0142] When the ultrasonic probe deviates from an ultra-
sonic scanning surface (or an ultrasonic tomography or an
ultrasonic image surface), the techniques described in the first
to third embodiments can appropriately correct the blur of an
image caused by the deviation. In the maximum brightness
value holding operation, the maximum brightness value is
selected from a plurality of images, and is projected onto an
image. Therefore, even when the ultrasonic probe deviates in
a direction (fanning direction) orthogonal to the ultrasonic
scanning surface, clinical problems do not arise since infor-
mation on a desired tomographic position is included in the
image having the maximum brightness value projected
thereon.

[0143] Itis considered that a clinical value is high since the
blur of an image in the fanning directionis corrected to realize
the maximum brightness value holding operation using time-
series image data related to the same tomographic image. In
this embodiment, an ultrasonic diagnostic apparatus capable
of correcting the blur of an image in the fanning direction and
realizing appropriate IMF will be described below.

[0144] FIG. 9 is a flow chart illustrating the flow of MFI
including the blur correction according to this embodiment.
As shown in FIG. 9, when a contrast medium is injected into
an object to be examined (step S40), a time-series two-dimen-
sional image data group (which may not form volume data)
on a portion to be diagnosed, which is shown in FIG. 10, is
acquired (step S41). Then, standard image data is designated
on the basis of the two-dimensional image data group at a
time t1, and ROI for correcting blur is set according to the
existing algorithm (step S42; see FIG. 4).

[0145] Subsequently, image data corresponding to the stan-
dard image data is selected from the two-dimensional image
data groups collected at different times (step S43). That is, for
example, it is assumed that two-dimensional image data
groups corresponding to seven frames are time-serially col-
lected in step S41 and image data corresponding to a fourth
frame in the two-dimensional image data group collected at
the time t1 is regarded as the standard image data. In this case,
image data having the strongest correlation with the standard
image data is determined from image data corresponding to a
fourth frame in a second two-dimensional image data group
collected at a time t2 and image data corresponding to several
frames (for example, third and fifth frames) immediately
before and after the image data corresponding to the fourth
frame, and is selected as corresponding image data.

[0146] Then, the same process as described above is per-
formed using a third two-dimensional image data group col-
lected at a time t3. For example, image data corresponding to
a third frame is selected as corresponding image data at the
time t3. In this case, image data having the strongest correla-
tion with the standard image data is determined from image
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data corresponding to a third frame in the second two-dimen-
sional image data group collected at the time 3 and image
data corresponding to several frames (for example, second
and fourth frames) immediately before and after the image
data corresponding to the third frame, and is selected as
corresponding image data. Similarly, corresponding image
data is selected from each two-dimensional image data group
collected at atime 4, . . ., tn.

[0147] The method of determining the correlation is not a
specific method. For example, pattern matching may be used
to calculate a correlation value between the standard image
data and each image to determine the correlation therebe-
tween. When the selection of the corresponding image data at
each time is performed in real time, an ultrasonic scanning
area may be automatically controlled such that several frames
immediately before and after the spatial position of the latest
corresponding image data are collected, and the same select-
ing process will be performed using the obtained two-dimen-
sional image data group.

[0148] Next, the blur correction is performed using the
standard image data and the corresponding image data at each
time (step S44), and a diagnostic image is generated by the
maximum brightness value holding operation (step S45). The
generated diagnostic image is sequentially or statically dis-
played on the monitor 12 in a predetermined format (step
S46).

[0149] In the above-mentioned structure, image data hav-
ing the strongest correlation with the standard image data is
selected as corresponding image data from the image data
groups collected at each time, and blur correction is per-
formed using the corresponding image data. Therefore, even
when the position of the standard image data moves in the
fanning direction due to the positional deviation of the ultra-
sonic probe in the fanning direction, it is possible to select an
image closest to the position of the standard image data before
the movement as a corresponding image. The blur correction
using the corresponding image according to any one of the
first to third embodiments makes it possible to realize the
maximum brightness value holding operation using time-
series image data for the same tomography.

Fifth Embodiment

[0150] Next, a fifth embodiment of the invention will be
described below. In the fifth embodiment, a correlation
amount S, which is an index for generating a motion vector, is
calculated, and blur correction (movement correction) is per-
formed on the correction amount. An ultrasonic diagnostic
apparatus according to this embodiment has substantially the
same structure as that shown in FIG. 1. Therefore, only the
components having different functions from those in the
ultrasonic diagnostic apparatus shown in FIG. 1 will be
described below.

[0151] A control processor 25 creates a search area on
image data and moves the search area over all image data to
detect the brightness of pixels included in the search area.
Then, the control processor 25 sets ROI on the image data on
the basis of the brightness of the pixels included in the search
area. In addition, the control processor 25 calculates the cor-
relation amounts S on the basis of the brightness of the pixels
included in ROIs of a plurality of image data, and generates
motion vectors indicating the movement between the image
data on the basis of the obtained correlation amounts S. Sub-
sequently, the control processor 25 performs movement cor-
rection on the image data on the basis of the motion vectors.
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[0152] Next, amovement detection mode according to this
embodiment of the invention will be described below.
[0153] First, steps S1to S4 shownin FIG. 4 are sequentially
performed to search image areas satisfying ROI conditions.
When the image areas satisfying the ROI conditions are
searched, an image area including the largest number of pix-
els having a brightness higher than K is specified among the
searched image areas, and ROl is set into the specified image
area. In this way, an ROI setting sequence is completed. As
shown in F1G. 11, the set RO1 is superposed as a rectangular
ROI mark on a diagnostic image displayed on the monitor 12.
[0154] Meanwhile, when the image areas satisfying the
ROI conditions are not searched on reference image data even
when the search area is moved over the reference image data,
the ROI setting sequence ends. When the image areas satis-
fying the ROI conditions are not searched and the ROI setting
sequence ends, the subsequent image data is designated as the
reference image data, and the ROI setting sequence is per-
formed again. In this way, the ROI setting sequence is
repeated until ROI is set.

[0155] Further, in this embodiment, ROI is automatically
set, but the invention is not limited thereto. For example, ROI
may be manually set by using the track ball input unit 131.
[0156] When ROl is set through the above-mentioned pro-
cedure, the next image data is designated to target image data.
The target image data moves in the units of pixels in the
X-axis and Y-axis directions on the basis of the position
thereof at the time when it is generated. Whenever the target
image data is moved by one pixel, the brightness I (X, Y) of
the pixels included in ROI of the reference image data and the
brightness I' (X,Y) of the pixels included in ROI of the target
image data are extracted, and are substituted into Expression
1 given below. In this way, the correlation amounts S corre-
sponding to the number of movements of the target image
data are calculated.

[0157] When the correlation amounts S corresponding to a
predetermined number of movements of the target image data
are obtained, the smallest correlation amount S is searched
from the obtained correction amounts S, and the amount of
movement of the target image data corresponding to the
smallest correlation amount S and the movement direction
thereof are specified. Then, the motion vectors of the target
image data are calculated on the basis of the specified move-
ment amount and movement direction. The calculated motion
vectors are stored in the image memory 30a so as to be
associated with the corresponding target image data.

[0158] When the motion vectors of the target image data are
obtained in this way, the display position of the target image
data is corrected on the basis of the motion vectors. Then,
corrected image data that little deviates from the standard
image data is generated. The corrected image data is super-
posed on the standard image data by a maximum brightness
value holding operation to generate superposed image data.
[0159] Meanwhile, when the superposed image data has
already been generated, image data that is newly generated is
designated to the target image data. The target image data is
moved in the units of pixels in the X-axis and Y-axis direc-
tions on the basis of the position thereof at the time when it is
generated. Whenever the target image data is moved by one
pixel, the brightness I (X, Y) of the pixels included in ROI of
the superposed image data that has already been generated
and the brightness I' (X, Y) ofthe pixels included inROI of the
target image data are extracted, and are substituted into
Expression 1 given below. In this way, the correlation
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amounts S corresponding to the number of movements of the
target image data are calculated.

[0160] When the correlation amounts S corresponding to a
predetermined number of movements of the targetimage data
are obtained, the smallest correlation amount S is searched
from the obtained correction amounts S, and the amount of
movement of the target image data corresponding to the
smallest correlation amount S and the movement direction
thereof are specified. Then, the motion vectors of the target
image data are calculated on the basis of the specified move-
ment amount and movement direction. The calculated motion
vectors are stored in the image memory 30a so as to be
associated with the corresponding target image data.

[0161] Whenthe motion vectors of the target image data are
obtained in this way, the display position of the target image
data is corrected on the basis of the motion vectors. Then,
corrected image data that little deviates from the superposed
image data which has already been generated is generated.
The corrected image data is superposed on the superposed
image data by a maximum brightness value holding opera-
tion. The superposed image data is sequentially updated
through the above-mentioned procedure.

[0162] The correlation amount S is calculated by the fol-
lowing Expression 1:

s=2x2DXY)
DX Y=X YN X Yy HX Yy
K Np.1>0)=

0IX AT (X Yy Z0).

[0163] In Expression 1, a symbol ‘N’ indicates the frame
number of image data. As shown in FIG. 12, a first frame of
the image data is treated as a first frame of the superposed
image data. Therefore, an (N-1)-th frame of the superposed
image data is superposed on the first frame of the image data
(reference image data). In this way, the second to (N-1)-th
frames of the superposed image data are superposed to the
corresponding frames of the image data.

[0164] As can be seen from Expression 1, the correlation
amount S used in this embodiment is the total sum of bright-
nessincrements whenimage data that is newly generated, that
is, the target image data is superposed on the superposed
image data.

[0165] When the start button 1324 is turned on in the move-
ment detection mode, image data generated thereafter is
sequentially corrected to generate corrected image data.
When the corrected image data is generated, the corrected
image datais superposed on the superposed image data by the
maximum brightness value holding operation.

[0166] Therefore, while the superposition of the corrected
image data is performed, the structure of blood vessels of an
object to be examined is extracted on a scanning surface.
Since movement correction is performed on the corrected
imaged data to be superposed by a pre-process, a very clear
diagnostic image is displayed on the monitor 12. Therefore, it
is possible to obtain a very clear diagnostic image without
being affected by the movement of an object P to be examined
or the movement of an operator’s hand holding the ultrasonic
probe 11.

[0167] Further, in this embodiment, an example where the
start button 1325 is pushed during low-sound pressure scan-
ning has been described above, but the invention is not limited
thereto. For example, the start button 1326 may be pushed

[Expression 1]
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when movement correction is performed immediately after
flash. Therefore, a detailed description thereof will be omit-
ted.

(Effects of Fifth Embodiment)

[0168] In this embodiment, the total sum of brightness
increments when image data that is newly generated is super-
posed on the superposed image data is used as the correlation
amount S serving as an index for generating motion vectors.
Therefore, even when the dyed bubbles of the contrast
medium appear or disappear abnormally, the dyed bubbles of
the contrast medium are continuously displayed, so that
motion vectors are generated. As a result, even when MFI is
performed, the accuracy of motion vectors of the target image
data is improved, which makes it possible to obtain a very
clear diagnostic image.

[0169] Inthis embodiment, ROI is set to an area including
a thick blood vessel having the bubbles of the contrast
medium concentrated thereon. Therefore, even when there is
little area serving as a mark for movement correction, for
example, immediately after flash, ROI of the superposed
image data is easily correlated to image data that is newly
generated.

[0170] Inthis embodiment, the number of pixels included
in ROI is smaller than the total number of pixels of image
data. Therefore, the amount of calculation required to calcu-
late the correction amount S between ROI of the superposed
image data and ROI of the target image data is considerably
reduced.

[0171] In this embodiment, the ROI marks superposed on
the diagnostic image are displayed on the monitor 12. There-
fore, the operator can check whether ROI is appropriately set
from the diagnostic image displayed on the monitor 12.
[0172] In this embodiment, a movement correcting
sequence starts only when ROI is set. Therefore, when there
is no area serving as an index for movement correction, the
target image data is not corrected.

[0173] Inthis embodiment, the motion vectors are stored in
the image memory 30a so as to be associated with the target
image data. Therefore, when the superposed image data is
reconstructed on the basis of the image data having been
stored in the image memory 30aq, it is unnecessary to generate
the motion vector, which makes it possible to generate a clear
diagnostic image with a small amount of calculation.

[0174] Further, in this embodiment, MFI has been
described above, but the invention is not limited thereto. That
is, the invention can be applied to ‘Panoramic Imaging’
described in the ‘Background Art’ as long as a technique for
superposing a plurality of image data can be used.

[0175] Furthermore, in this embodiment, the number of
ROIs and the sizes thereof are input through the input device
13, but the invention is not limited thereto. For example, the
number of ROIs and the sizes thereof may be automatically
set on the basis of the brightness of the pixels included in the
reference image data.

[0176] Moreover, inthis embodiment, ROI is automatically
set on the basis of the brightness of the reference image data,
but the invention is not limited thereto. For example, ROI may
be set so as to be operatively associated with a focal point of
an ultrasonic wave transmitted by the transmitting/receiving
unit 21, or it may be set according to instructions from the
operators.

[0177] Further, in this embodiment, the motion vectors are
stored in the image memory 30a so as to be associated with
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the target image data, but the invention is not limited thereto.
For example, the corrected image data may be stored in the
image memory 30a. In this case, it is unnecessary to correct
the target image data, which makes it possible to generate a
clear diagnostic image with a very small amount of calcula-
tion.

Sixth Embodiment

[0178] Next, a sixth embodiment of the invention will be
described with reference to FIG. 13. FIG. 13 is a diagram
schematically illustrating a diagnostic image having ROI
marks superposed thereon according to the sixth embodiment
of the invention.

[0179] In the sixth embodiment, as shown in FIG. 13, the
control processor 25 sets first to fourth ROIs on reference
image data. The fourth ROI corresponds to ROl according to
the fifth embodiment. Therefore, in the sixth embodiment, the
control processor 25 sets the first to third ROIs in addition to
ROI according to the fifth embodiment. The sizes of the first
to third ROIs are smaller than the size of the fourth ROL.

[0180] When the first to fourth ROIs are set. first to third
motion vectors indicating the movement of target image data
are calculated on the basis of a correlation amount S' between
the first to third ROIs of the target image data and the first to
third ROIs of the superposed image data. In this embodiment,
SAD is used as the correlation amount S'.

[0181] When the first to third motion vectors are calculated,
the target image data is moved on the basis of the first to third
motion vectors. Whenever the target image data is moved, the
first to third correlation amounts S are calculated on the basis
ofthe fourth ROI of the superposed image data and the fourth
ROI of the target image data by Expression 1, similar to the
fifth embodiment.

[0182] When the first to third correlation amounts S are
calculated, the smallest correlation amount S is detected from
the first to third correlation amounts S, and a vector of the
target image data corresponding to the smallest correlation
amount is used as the motion vector. Then, the display posi-
tion of the target image data is corrected on the basis of the
motion vector.

[0183] As described above, in this embodiment, the motion
vector is selected from the first to third vectors that are
acquired beforehand. Thatis, only three calculating processes
are needed to generate the motion vector (calculating pro-
cesses using Expression 1). Therefore, it is possible to con-
siderably reduce the amount of calculation required to calcu-
late the motion vector, as compared to the fifth embodiment.
In addition, even when the motion vector varies with parts of
the object to be examined, the accuracy of the motion vector
is not excessively lowered.

[0184] In this embodiment, a so-call SAD is used as the
correlation amount S', but the invention is not limited thereto.
That is, the correlation amount S' may be calculated by
Expression 1. The use of Expression 1 also makes it possible
to reduce the amount of calculation, since the sizes of the first
to third ROIs are smaller than that of the fourth ROIL.

[0185] Further, in this embodiment, the motion vector is
calculated by Expression 1 on the basis of the first to third
motion vectors that are obtained beforehand, but the inven-
tion is not limited thereto. For example, the motion vector
may be the mode value or the average value ofthe first to third
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motion vectors. The use of the mode value or the average
value makes it possible to reduce the amount of calculation.

Seventh Embodiment

[0186] In a seventh embodiment of the invention, a zero
vector is used in addition to the first to third vectors used in the
sixthembodiment. That is, in this embodiment, even when the
target image data does not move, the fourth correlation
amount S is calculated by Expression 1 on the basis of the
fourth ROI of the target image data and the fourth ROI of the
superposed image data that has already been generated or the
fourth ROI of the reference image data, similar to the fifth
embodiment.

[0187] When the first to fourth correlation amounts S are
calculated, the smallest correlation amount S is detected from
the first to fourth correlation amounts S, and a vector of the
target image data corresponding to the smallest correlation
amount is used as the motion vector. Then, the display posi-
tion of the target image data is corrected on the basis of the
motion vector.

[0188] As described above, in this embodiment, even when
the target image data does not move, the fourth correlation
amount S is calculated by Expression 1. Therefore, even
when the ultrasonic probe 11 is inclined to the lens to cause
the first and third vectors to vary, the accuracy of the motion
vector that is actually used is not excessively lowered.

Eighth Embodiment

[0189] In an eighth embodiment of the invention, it is
assumed that three-dimensional image data is generated.
Therefore, a three-dimensional ROl is set on reference image
data. When the three-dimensional ROI is used, the amount of
calculation required to calculate the correlation amount S is
considerably increased.

[0190] For the reason, in this embodiment, first to third
two-dimensional ROIs are used instead of the three-dimen-
sional ROI. The first to third ROIs are included in the three-
dimensional ROI and are orthogonal to one another. In addi-
tion, the first to third ROIs are generated as MPR of the
third-dimensional ROI. The first to third ROIs used in the
eighth embodiment are different from the first to third ROIs
used in the sixth or seventh embodiment.

[0191] When the first to third ROIs are generated, first to
third vectors respectively corresponding to the first to third
ROIs are generated by the same method as that in the fifth
embodiment. The first to third vectors used in the eighth
embodiment are different from the first to third vectors used
in the sixth or seventh embodiment.

[0192] When the first to third vectors are generated, a third-
dimensional motion vector that is actually used to correct the
movement of the target image data is generated on the basis of
the first to third vectors.

[0193] As described above, in this embodiment, the first to
third two-dimensional ROIs are used instead of the three-
dimensional ROI. Therefore, even when three-dimensional
image data is generated, the amount of calculation required to
calculate the correlation amount S is considerably decreased.
[0194] Further, in this embodiment, the third-dimensional
motion vector is generated on the basis of the first to third
vectors, and then the target image data is corrected. However,
the invention is not limited thereto. For example, the target
image data may be corrected for each of the first to third
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vectors. In this case, three correcting processes are needed,
and 1t is not necessary to generate the motion vector.

Ninth Embodiment

[0195] 1In a ninth embodiment of the invention, the control
processor 25 detects the sum of brightnesses of the pixels
included in ROI of the superposed image data. When the sum
of brightnesses is larger than a predetermined value, the con-
trol processor 25 stops correcting the movement of the target
image data. Therefore, even when a plurality of image data
are superposed on each other and ROI of the superposed
image data has an excessively high brightness, the accuracy
of the motion vector is not excessively lowered.

Tenth Embodiment

[0196] Inatenthembodiment ofthe invention, itis assumed
that both bloodstream image data and tissue image data are
displayed. The bloodstream image data corresponds to the
image data in each of the above-described embodiments. The
tissue image data does not vary over time unlike the blood-
stream image data, which makes it easy to calculate the
motion vector. Therefore, in this embodiment, ROI is set to
the tissue image data, and the motion vector is generated by
Expression 1 in the same manner as that in the first embodi-
ment. Then, the movement of only the bloodstream image
data 1s corrected on the basis of the generated motion vector.

[0197] When the movement of the bloodstream image data
is corrected on the basis of ROI set to the tissue image data as
in the tenth embodiment, a more clear diagnostic image is
obtained. In addition, in this embodiment, the tissue image
data is displayed on the monitor 12 without being corrected.
Therefore, the tissue image data displayed on the monitor 12
makes it easy for the operator to check the movement and to
view the state of the object P to be examined. As a result, the
operator can perform a medical examination with confidence.

FEleventh Embodiment

[0198] FIGS. 14, 15, 16, and 17 are diagrams illustrating
the correction results of image data superposed on a diagnos-
tic image according to an eleventh embodiment of the inven-
tion. In the eleventh embodiment, the correction result of the
target image data is superposed on the diagnostic image. The
correction results are displayed in several types as shown in
FIGS. 14, 15,16, and 17.

[0199]  As shown in FIG. 14, only a motion vector V of the
target image data is displayed as the correction result of the
target image data. Therefore, it is very easy to confirm the
correction result of the target image data in a moment. As
shown in FIG. 15, a locus L of an end point of the motion
vector V is displayed as the correction result of the target
image data. Therefore, it is very easy to know a change in the
motion vector V over time. As shown in FIG. 16, a plurality of
motion vectors V that are sequentially generated are dis-
played as the correction result of the target image data, similar
to FIG. 14, but a time axis t is added to an X-axis and a Y-axis.
FIG. 17 shows the correction result of three-dimensional
volume data. As shown in FIG. 17, only the motion vector V
of the target image data is displayed, similar to FIG. 14.

[0200] As described above, when the correction result is
superposed on the diagnostic image displayed on the monitor

12
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12, the operator can easily confirm the correction result and
use a correcting function with confidence.

Twelfth Embodiment

[0201] A twelfth embodiment of the invention relates to an
application of the acquired motion vector. For example, the
acquired motion vector is used to move a range gate of a pulse
wave. In this case, when the range gate of pulsed-wave Dop-
pler is set in a desired blood vessel, it is possible to continu-
ously acquire signals from the desired blood vessel even
when the object P to be examined or the ultrasonic probe 11
moves a little. The motion vector is used to correct the posi-
tion of a color ROI, to maintain the same cross section of an
object to be examined, and to follow an interesting area by
using brightness analyzing software, in addition to moving
the range gate of pulse-wave Doppler.

[0202] Conversely, when a background image is corrected
with the range gate of the pulse wave or the position of the
color ROI being fixed, the operator can view a diagnostic
image including an interesting area. This is very useful to
observe a variation in brightness over time or to analyze a
diagnostic image.

[0203] The invention is not limited to the above-described
embodiments, but various modifications and changes of the
invention can be made without departing from the scope and
spirit of the invention. A plurality of components described in
the embodiments may be appropriately combined with each
other to form various modifications. For example, some com-
ponents may be removed from all the components in the
above-described embodiments. In addition, different compo-
nents in the above-described embodiments may be combined
with each other.

[0204] According to the present invention, it is possible to
provide an ultrasonic diagnostic apparatus and an ultrasonic
image generating method capable of preventing the quality of
an image from being lowered even when an object to be
examined or an ultrasonic probe moves a little.

What is claimed is:

1. Anultrasonic diagnostic apparatus that scans an object to
be examined into which contrast medium bubbles are injected
with ultrasonic waves to acquire an ultrasonic image of the
object, the apparatus comprising:

a transmitting/receiving unit that repeatedly transmits the
ultrasonic waves to the object and acquires echo signals
returning from the object;

an image data generating unit that generates a plurality of
image data indicating information on the shape of the
object on the basis of the echo signals;

a setting unit that sets an interesting area which is smaller
than the entire image area to first image data, which is
reference image data, among the plurality of image data;

a vector generating unit that compares at least one second
image data different from the first image data among the
plurality of image data with data in the interesting area to
generate a motion vector indicating the motion between
the first image data and the at least one second image
data;

an image correcting unit that corrects the blur of the first
image data and the at least one second image data on the
basis of the motion vector; and

an image generating unit that generates a display image on
the basis of the plurality of corrected image data.
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2. The ultrasonic diagnostic apparatus according to claim
1,
wherein the image generating unit sequentially performs a
brightness value holding operation using the plurality of
corrected image data to generate the display image.
3. The ultrasonic diagnostic apparatus according to claim
15
wherein the image generating unit performs a combining
process using the plurality of corrected image data to
generate the display image.
4. The ultrasonic diagnostic apparatus according to claim
15
wherein, when each image data includes an area dyed by a
contrast medium, the setting unit sets the interesting area
so as to include at least a part of the dyed area.
5. The ultrasonic diagnostic apparatus according to claim
1, further comprising:
a detecting unit that detects the time when the contrast
medium flows into the object,
wherein the setting unit sets the interesting area on the basis
of the plurality of image data at the time when a small
amount of contrast medium flows.

6. The ultrasonic diagnostic apparatus according to claim
L,
wherein the setting unit sets the interesting area so as to
include a position having a brightness value larger than
a predetermined threshold value on the basis of the
brightness value at each position on the image data.

7. The ultrasonic diagnostic apparatus according to claim
65
wherein the setting unit makes a histogram related to the
brightness values of the image data, and determines the
predetermined threshold value on the basis of the histo-
gram.

8. The ultrasonic diagnostic apparatus according to claim
1,
wherein the setting unit sets the interesting area so as to
include a position having a brightness value between a
first predetermined threshold value and a second prede-
termined threshold value on the basis of the brightness at
each position on the image data.

9. The ultrasonic diagnostic apparatus according to claim
6,
wherein the setting unit makes a histogram related to the
brightness values of the image data, and determines at
least one of the first threshold value and the second
threshold value on the basis of the histogram.

10. The ultrasonic diagnostic apparatus according to claim
1,
wherein the setting unit determines at least one of the
position, size, and shape of the interesting area and the
number of interesting areas on the basis of the brightness
at each position on the image data.
11. The ultrasonic diagnostic apparatus according to claim
1,
wherein, whenever the image generating unit generates the
image data, the setting unit updates the interesting area
on the basis of an interesting area used to correct the blur
of the previous image data and a resultant vector of a
plurality of motion vectors that have been generated by
the vector generating unit.
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12. The ultrasonic diagnostic apparatus according to claim
1,
wherein, whenever the image generating unit generates the
image data, the setting unit searches the interesting area
on the basis of the brightness of the previous image data
and updates the interesting area.
13. The ultrasonic diagnostic apparatus according to claim
15
wherein the setting unit sets a common interesting area
used to correct the blur of a plurality of image data
generated by the image generating unit, on the basis of
the brightness of the plurality of image data.
14. The ultrasonic diagnostic apparatus according to claim
17
wherein the transmitting/receiving unit performs first
ultrasonic transmission at first sound pressure that
breaks the contrast medium bubbles and second ultra-
sonic transmission at second sound pressure for imaging
the reflux of a bloodstream at which the contrast medium
bubbles are not broken, and
image data generated immediately after the first ultrasonic
transmission is switched to the second ultrasonic trans-
mission is designated to the reference image data.
15. The ultrasonic diagnostic apparatus according to claim
15
wherein the transmitting/receiving unit performs first
ultrasonic transmission at first sound pressure that
breaks the contrast medium bubbles and second ultra-
sonic transmission at second sound pressure for imaging
the reflux of a bloodstream at which the contrast medium
bubbles are not broken, and
the interesting area is searched again immediately after the
first ultrasonic transmission is switched to the second
ultrasonic transmission, and the interesting area is
updated.
16. The ultrasonic diagnostic apparatus according to claim
1, further comprising:
a display unit,
wherein the image generating unit generates a first display
image on the basis of the plurality of image data after the
blur correction and generates a second display image on
the basis of the plurality of image data before the blur
correction, and
the display unit simultaneously or selectively displays the
first display image and the second display image.
17. The ultrasonic diagnostic apparatus according to claim
1, further comprising:
an image superposing unit that, when reference image data
is designated from the plurality of image data generated
by the image data generating unit, sequentially super-
poses subsequent image data on the reference image
data to generate a superposed image data,
wherein the vector generating unit generates a motion vec-
tor indicating the movement of target image data among
the image data subsequent to the reference image data
that are generated by the image data generating unit, on
the basis of the brightness of an interesting area of the
target image data and the brightness of an interesting
area of the superposed image data generated from the
plurality of image data preceding the target data, and
the image correcting unit corrects the target image data on
the basis of the motion vector generated by the vector
generating unit before the image superposing unit super-
poses the target image data.



US 2008/0262354 Al

18. The ultrasonic diagnostic apparatus according to claim
17,

wherein the vector generating unit generates the motion
vector on the basis of an increment in the brightness of
the interesting area generated when the target image data
is superposed.

19. The ultrasonic diagnostic apparatus according to claim

17,

wherein the vector generating unit moves the target image
data according to a plurality of vectors acquired before-
hand, calculates the increment in the brightness of the
interesting area generated when the target image data is
superposed for every vector, and selects the motion vec-
tor from the plurality of vectors on the basis of the
increment in the brightness of the interesting area.

20. The ultrasonic diagnostic apparatus according to claim

19,

wherein the vector generating unit generates the plurality
of vectors on the basis of the brightness of an interesting
area smaller than the interesting area in the target image
data and the brightness of an interesting area smaller
than the interesting area in the superposed image data
generated from the plurality of image data preceding the
target image data.

21. The ultrasonic diagnostic apparatus according to claim

17,

wherein, when the sum of brightnesses in the interesting
area is larger than a predetermined value, the image
correcting unit stops correcting the target image data.

22. The ultrasonic diagnostic apparatus according to claim

17,

wherein the image correcting unit corrects the target image
data on the basis of the motion vector generated by the
vector generating unit, and maintains a displayed area of
the object to be examined on the diagnostic image.

23. The ultrasonic diagnostic apparatus according to claim

17, further comprising:

a range gate correcting unit that corrects the position of a
range gate in pulsed-wave Doppler on the basis of the
motion vector generated by the vector generating unit.

24. The ultrasonic diagnostic apparatus according to claim

17,

wherein the image data generating unit generates the image
data including bloodstream image data indicating
bloodstream information of the object to be examined as
brightness and tissue image data indicating tissue infor-
mation of the object to be examined as brightness, on the
basis of each echo signal received by the transmitting/
receiving unit,

when reference bloodstream image data is designated from
a plurality of bloodstream image data generated by the
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image data generating unit, the image superposing unit
sequentially superposes, on the reference bloodstream
image data, the bloodstream image data subsequent to
the reference bloodstream image data to generate super-
posed bloodstream image data, and sequentially super-
poses, on the tissue image data corresponding to the
reference bloodstream image data, the tissue image data

subsequent thereto to generate superposed tissue image
data,

the vector generating unit generates a motion vector indi-
cating the movement of the tissue image data corre-
sponding to target bloodstream image data among a
plurality of bloodstream image data subsequent to the
reference bloodstream image data, on the basis of the
brightness of an interesting area of the tissue image data
corresponding to the target bloodstream image data and
the brightness of an interesting area of the superposed
tissue image data generated from the plurality of tissue
image data preceding the tissue image data, and

before the image superposing unit superposes the target
bloodstream image data, the image correcting unit cor-
rects the target bloodstream image data on the basis of
the motion vector generated by the vector generating
unit.

25. A method of generating an ultrasonic diagnostic image
by scanning an object to be examined into which contrast
medium bubbles are injected with ultrasonic waves, the
method comprising:

repeatedly transmitting the ultrasonic waves to the object

and generating a plurality of image data indicating infor-
mation on the shape of the object on the basis of echo
signals returning from the object;

setting an interesting area which is smaller than the entire

image area to first image data, which is reference image
data, among the plurality of image data;

comparing at least one second image data different from

the first image data among the plurality of image data
with data in the interesting area to generate a motion
vector indicating the motion between the first image data
and the at least one second image data;

correcting the blur of the first image data and the at least

one second image data on the basis of the motion vector;
and

generating a display image on the basis of the plurality of
corrected image data.
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